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NOTATION 


Beam  of  planing  surface,  ft 
Resistance  coefficient,  H/wb^ 

Speed  coefficient  or  Froude  number,  V /  g b 


Load  coei'ficient  or  beam  loading,  A/wb^ 


Drag  coefficient  based  on  beam, 


Drag  coefficient  based  on  principal  wetted 


area , 


Lift  coefficient  based  on  beam, 


Lift  coefficient  based  on  principal  wetted 
area , 


Draft,  ft 

Friction,  parallel  to  planing  surface  ,  3  b 
Acceleration  due  to  gravity,  32.155  ft/sec‘° 
Chine  wetted  length,  ft 


iii 


Keel  wetted  length,  ft 

1+1 

Mean  wetted  length,  c  k  ft 

2 

Center-of -pressure  location  (measured  along 
keel  forward  of  trailing  edge), _ _ ,  ft 

Acosr  +  Rsinr 

Trimming  moment  about  trailing  edge  of  model  a.t 
keel,  ft-lb 

Horizontal  resistance,  lb 

Principal  wetted  area  (bounded  by  trailing  edge, 
chines,  and  heavy  spray  line)  projected  on  plane 
parallel  to  keel,  1^  b,  sq  ft 

Actual  wetted  area  aft  of  stagnation  line,  sq  ft 

Horizontal  velocity,  ft/sec 

Mean  velocity  over  planing  surface,  ft/sec 

Specific  weight  of  water,  lb/cu  ft 

Angle  of  dead  rise,  deg 

Vertical  load,  lb 

Kinematic  viscosity,  ft/V  sec 

Mass  density  of  water,  slugs/cu  ft 

Trim  (angle  between  keel  and  horizontal),  deg 


This  report  i.s  one  of  a  serins  on  t!  e  experimental 

investigation  of  the  planing  characteristics  of  a  series 
of  related  prismatic  surfaces. 

The  principal  planing  characteristics  have  been 
obtained  for  a  V-shaped  prismatic  surface  having  an 
angle  of  dead  rise  of  7 0  degrees,  l/etted  lengths,  re¬ 
sistance,  and  center-of -pressure  location  were  determined 
at  speed  coefficients  from  2.17  to  36. 80,  and  trims  up  to 

30  degrees.  Keel-wetted-length— beam  ratios  we re  extended 
to  approximately  8.0  in  all  cases  where  excessive  loads 
or  excessive  spray  conditions  were  not  encountered. 

The  data  obtained  indicate  that  the  important 
planing  characteristics  are  independent  of  speed  and 
load  for  a  given  trim  and  are  dependent  primarily  upon 
lift  coefficient.  The  difference  between  keel  wetted 
length  and  chine  vetted  length  is  constant  for  a  given 
trim  angle*  end  the  variation  of  this  difference  with 
trim  has  the  same  general  trend  as  indicated  by  theory. 
The  drag  data  indicate  that  the  friction  drag  decreases 
with  increase  in  trim. 


INTRODUCTION 


The  National  Aeronautics  and  Space  Administration 
(formerly  the  National  Advisory  Committee  for  Aero¬ 
nautics)  and  the  David  Taylor  Model  Basin  liave  under¬ 
taken  an  experimental  investigation  of  a  series  of  related 
prismatic  planing  surfaces.  The  principal  purpose  of  this 
investigation  is  to  extend  the  available  data  to  high 
speeds,  high  trims,  and  long  wetted  lengths.  The  results 
of  tr-.ts  of  surfaces  having  angles  of  dead  rise  of  0,  20, 
40,  50,  and  -10  degrees  have  already  been  published 
(References  1  to  7)-.1 

The  present  report  gives  the  results  obtained  with  a 
prismatic  surface  having  an  angle  of  dead  rise  of  70  de¬ 
grees.  The  principal  planing  characteristics  were  deter¬ 
mined  for  speed  coefficients  up  to  approximately  20.0, 
beam  loadings  up  to  36.85,  vetted  lengths  up  to  8  beams, 
and  trims  up  to  30  degrees.  The  characteristics  deter¬ 
mined  were  wetted  length,  resistance,  and  center-of- 
pressure  location  for  suitable  combinations  of  speed,  load, 
and  trim. 


DESCRIPTION  OF  MODEL 


The  model  is  made  of  brass,  has  a  beam  of  4  Inches, 
and  an  angle  of  dead  rise  of  70  degrees.  The  length, 
exclusive  of  the  sheet-metal  fairing  at  the  bow,  is  36 
inches.  The  tolerances  and  the  finish  of  the  model  are 
the  same  as  those  described  In  References  6  and  7*  As  in 
the  case  of  the  50~degree  dead  rise  model  described  in 
Reference  62  the  side  of  the  model  above  the  chine  makes 
an  angle  of *90  degrees  with  the  bottom. 


APPARATUS  AND  PROCEDURES 


General 


The  test  program  was  conducted  in  the  high-speed 


1 

References  are  listed  on  pages  6  and  7. 
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basin  on  Carriage  3*  A  brief  description  of  the  basin  and 
carriage  is  given  in  Reference  8.  The  apparatus  for  tow¬ 
ing  the  model  and  the  instrumentation  for  measuring  the 
lift,  drag,  and  trimming  mooe"*  are  of  the  type  described 
in  Reference  9*  Drawings  of  the  towing  gear  and  similar 
models  are  presented  in  References  6  and  7. 

Wetted  Length  and  Area 

The  wetted  areas  were  determined  from  underwater 
photographs  in  the  manner  described  in  Reference  6.  In 
addition,  visual  readings  of  the  chine  wetted  lengths  were 
recorded  with  the  aid  of  a  scale  marked  on  the  side  of  the 
model . 

The  wetted  lengths  were  measured  from  the  traj 
edge  to  the  intersection  of  the  keel  and  chines  with  the 
heavy  spray  line.  This  spray  line  was  essentially  straight 
from  keel  to  chine  throughout  the  range  of  the  tests,  and 
the  mean  wetted  length  was  therefore  the  average  of  the 
keel  and  chine  wetted  lengths. 

Draft 


Reference  10  specified  that  draft  should  be  calculated 
from  the  trim  ard  the  precisely  determined  wetted  length  at 
the  keel.  Accordingly,  draft  was  not  measured  directly, 
but  should  be  calculated  from  the  relationship  d  =  1.  sin  z  . 
In  Reference  %  some  measured  Values  of  draft  for  V-sn&ped 
prismatic  surfaces  having  angles  of  dead  rise  of  20  degrees 
and  degrees  are  compared  with  the  values  computed  from 
the  keel  wetted  length.  At  the  high  trims^  the  measured 
values  of  draft  are  slightly  lower  than  the  calculated 
values.  This  difference  i3  evidently  caused  by  some  pile- 
up  of  water  at  the  keels  of  the  models.  It  is  assumed 
that  a  similar  effe^  *  exists  for  the  70-degree  dead  rise 
surface  and  that  the  calculated  values  of  draft  will  there¬ 
fore  be  slightly  high  at  the  high  trims. 

A  careful  survey  of  the  water  surface  in  the  test  area 
indicated  no  appreciable  gradient  in  height  due  to  the 
towing  carriage  or  wind  screen. 

Aerodynamic  Tares 

The  aerodynamic  forces  on  the  model  and  towing  gear 
were  held  to  a  minimum  by  the  use  of  a  wind-screen  housing 
the  test  section  of  the  towing  carriage.  This  wind-screen 
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was  constructed  of  1/16-inch  aluminum,  and  was  similar 
in  shape  to  that  described  in  Reference  2. 

The  residual  windage  tares  were  determined  by  making 
a  series  of  runs  at  various  speeds  with  the  model  just 
clearing  the  surface  of  the  water.  The  tares  for  drag, 
load,  and  moment  were  found  to  be  negligible  over  the  speed 
range . 

Precision 


The  quantities  measured  are  believed  to  be  accurate 
within  tho  following  limits i 


Load ,  lb 
Resistance,  lb 
Trimming  moment,  ft -lb 
Wetted  length,  in. 
Trim,  deg 
Speed,  ft/ sec 


fo.15 
-0.15 
Jo.  50 
Jo.25 
*0.10 
*0.20 


RESULTS  AND  DISCUSSION 


General 

The  experimental  data  obtained  for  all  planing 
conditions  where  the  chines  of  the  model  were  wet,  are 
presented  in  Table  1.  The  corresponding  data  for  the  dry 
chine  condition  have  been  omitted.  Also,  following  the 
general  practice  of  this  program,  the  light-load  low-speed 
conditions,  where  the  buoyancy  exceeded  20  percent  of  the 
total  load,  were  considered  nonplaning  and  are  not 
included  in  this  report.  For  these  reasons,  no  data  for 
2-s  4~,  and  6-degree  trim  angles  appear  in  Table  1. 

The  load,  resistance,  speed,  wetted  lengths,  and 
center  of  pressure  are  expressed  as  conventional  non- 
dimensional  hydrodynamic  coefficients  based  on  beam.  The 
lift  and  drag  coefficients  are  expressed  both  in  terms  of 
the  square  of  the  beam  and  in  terms  of  the  principal 
wetted  area. 

• 

Plots  of  the  data  are  presented  In  Figures  1  to  6, 

When  plotted  against  ,  the  experimental  data  generally 
fall  along  a  single  curve  for  each  trim.  These  trends  are 
the  same  as  those  found  for  the  surfaces  having  dciad  rise 
angles  from  -10  to  50  degrees . 


I 

I 
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Wetted  Length 


The  variation  of  the  mean-wet ted-length  —  beam 
ratio  1  /b  with  CLb  is  shown  in  Figure  1.  The  relation 
betweenmkeel-vetted-length  —  beam  ratio  1^/b  and  the 
chine-wetted-length —  beam  ratio  lc/b  is  shown  in  Figuie  2. 
The  difference  between  the  chine  wetted  length  and  the 
keel  wetted  length  is  constant  for  a  given  trim.  By 
definition,  a  similar  variation  necessarily  holds  for  the 
relation  between  the  mean  wetted  length  and  the  chine 
wetted  length. 

The  variation  of  the  difference  between  the  keel  and 
chine  wetted  lengths  with  trim  is  shown  in  Figure  3.  The 
variation  predicted  by  the  two-dimensional  theory  of 
Wagner,  as  applied  in  Reference  11,  is  also  shown.  The 
experimental  curve  is  in  reasonable  agreement  with  the 
theoretical  curve,  although  its  absolute  values  fall 
somewhat  below  those  of  the  theoretical  curve. 

Center  of  Pressure 

The  center-of -pressure  location  lp  is  defined  as  the 
distance  from  the  trailing  edge  to  the*intursection  of 
the  resultant  hydrodynamic  force  vector  with  the  keel  of 
the  model.  A  plot  of  center-of -pressure  location  in  be«uns 
against  is  presented  in  Figure  4. 

Figure  5  presents  plots  of  l^/b  against  lm/b  for  trim 
angles  of  18,  24,  and  30  degrees/  The  data  were  insuffi¬ 
cient  to  allow  similar  plots  of  the  9" and  12-degree  trims. 

Resistance 


The  resistance  data  are  presented  in  Figure  6  as  a 
plot  of  drag  coefficient  Cp,  against  lift  coefficient 
The  solid  lines  faired  through  the  data  represent  the  ° 
total  drag  whereas  the  dashed  lines,  defined  by  Cl  tan  r  , 
represent  the  induced  drag.  The  difference  between  the 
solid  and  cashed  lines  represents  the  friction  drag.  It 
can  be  seen  that  the  friction  drag  decreases  with  increase 
in  trim  angl-3 


CONCLUSIONS 


The  results  obtained  from  an  experimental  investi¬ 
gation  of  a  V-shaped  planing  surface  having  an  angle  of 
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dead  rise  of  70  degrees  indicate  that,  during  steady- 
state  planing,  the  important  planing  characteristics  are 
independent  of  speed  and  load  for  a  given  trim  and  are 
dependent  only  on  xift  coefficient.  The  difference  be¬ 
tween  keel  wetted  length  and  chine  wetted  length  is  con¬ 
stant  for  a  given  trim  angle^  and  the  variation  of  this 
difference  with  trim  is  shown  to  be  in  fair  agreement 
with  theory.  The  drag  data  indicate  that  the  friction 
drag  decreases  with  increase  in  trim. 
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TABLE  1 


Experimental  Data  Obtained  for  70-deg  Dead  Rise  Planing  Surface 

Average  kinematic  viscosity  -  1.076  x  10“&  ft*/sec; 
average  specific  weight  of  basin  water  •  62.27  lb/fta 
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CV 

CR 
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Lb 

cLh 

CD* 
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°L  c 
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-b 
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6.504 

16.993 

6.721 

1.740 

4.400 

7.060 

3.189 

0.0450  0.0466 

0.0102 

1 

0.0106 

9 

10.840 

16.425 

8.000 

1 .950 

4.595 

7.240 

3.715 

0.0804  0.0593 

j 

U  .  ^  1  <L  » 

12 

4.336 

13.887 

3.577 

0.840 

2 .610  * 

4.780 

2.315 

0.0450 

0.0371 

0.0160 

0.0132 

12 

6.504 

17.024 

5.420 

1 .000 

2.955 

4.910 

2.310 

0.0449 

0.0374 

0.0152 

0.0127 

12 

10.840 

16.467 

7.762 

2.690 

4.595 

6.500 

2.852 

0.0800 

0.0572 

0.0174 

0.0125* 

12 

19.510 

17.643 

13.007 

4.710 

6.615 

8.520 

3.799  10.1254 

0.0836 

0.0190 

0.0126 

18 

2.168 

9.822 

1  .192 

0.240 

1  .470 

2.700 

1  .037 

'0.0449 

0.0247 

0.0306 

0.0168 

18 

4.336 

13.877 

2.732 

0.340 

1  .580 

2.820 

1  .199 

0.0450  *0.0284 

0.0285 

G  .0160 

18 

6.504 

10.199 

3.569 

2.180 

3.400 

4.520 

2.084 

0.1251 

0.0686 

0.0368 

0.0202 

18 

6.504 

12.732 

3.881 

1.260 

2.492 

3.725 

1  .637 

0.0802 

0.0478 

0.0322  0.0192 

18 

6.504 

17.003 

4.141 

0.370 

1 .608 

2.845 

1.329 

0.0450 

0.0286 

0.0280 

0.0178. 

18 

10.840 

13.165 

6.244  2.425 

3.662 

4.900 

2.178 

0.1251 

0.0721 

0.0342 

0.0197 

18 

10.840 

16.415 

6.604 

1.450 

2.680 

3.910 

1.723 

0.0805 

0.0490 

0.0300 

0,0183 

I  18 

19.510 

14.733 

10.709 

3.850 

5  .040 

6.230 

2.796 

0.1798 

0.0987 

0.0367 

0.0196, 

18 

36.853 

17.302 

20.070 

5.210 

6.425 

7.640 

3.645 

0.2462 

0.1341 

0.0383 

0.0209 

24 

6.504 

10.235 

3.ei6 

1.730 

2.570 

3.410 

1.399 

(0.1242 

0 .0729 

0.0483 

0.0283’ 

24 

10.840 

9.404 

5.594 

3.110 

3.940 

4.770 

2.115 

0.2451 

0.1265 

0.0622 

0.0321 

24 

10.e40 

13.139 

6.547 

1.660 

2.515 

13.370 

1.548 

0.1256 

0.0759 

0.0499 

0.0302, 

24 

10.840 

16.436 

6 . 569 

0.950 

1  .791 

2.630 

1  .147 

0.0803 

0-.0486 

0*0448 

0.0272 

24 

10.839  13.186 

6.677 

1 ,995 

2.855 

3.71o 

1  r  n  >x 

lo,1247 

0.0766 

.  , 

0.0437 

0.0269 ' 

24 

10.839 

16.436 

6.590 

1.030 

1  .870 

2.710 

1  .217 

0.0843 

0.0488 

0.0429 

0.0261 

24 

19.510  ;i2.618 

11 .468 

3.670 

4.485 

5.300 

'2.441 

0.2450  C  .1 441 

0.0546 

0.03^1 

24 

19.510 

14.682 

11 .858 

2.690 

3.505 

4.320 

2.014 

0.1810  0.1100 

0.0516 

C .0314 

24 

19.510 

17.581 

12.335 
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Figure  6  -  Variation  of  Drag  Coefficient  with 

Lift  Coefficient 
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